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Abstract 
The current study was undertaken to study the effect of different amounts of Al-5Ti-1B master alloy (0.01, 0.03, 0.05, 0.1, 0.3, 0.5, 
1% weight percent) and T6 heat treatment on the microstructural evolution and mechanical properties of Al-8%Mg alloy. 
Microstructural assessment was carried out by optical microscopy (OM) and scanning electron microscopy (SEM) equipped with 
energy dispersive spectrometer (EDS) analysis. Obtained results showed that the addition of Al-5Ti-1B master alloy obviously 
improved the morphology of Al (α) and it was found that refined specimens have finer grains (< 250 µm) in comparison with un-
refined specimen. After grain refining, the morphology of columnar alpha dendrites turn into rosette like and semi globular. The 
increase of Al-5Ti-1B content up to 0.1 wt. %, resulted in improvement of ultimate tensile strength (UTS) from 245 MPa to 359 
MPa which shows 31% enhancement. Result of T6 heat treatment revealed a significantly enhancement on both ultimate tensile 
strength (UTS) and elongation values. Fractography examinations of the alloy showed an inter-dendritic fracture surface of Al-
8%Mg alloy, changes to more homogenous dimples after grain refining process. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
Alloys on the basis of the Al–Mg system are used in shipbuilding and other areas where articles must be working 
in atmosphere, Zolotorevsky et al. (2007). The maximum solubility of magnesium in aluminum is about 2 wt. % at 
room temperature (Fig. 1), and 17.4 wt. % at 723 K, Mondolfo (1976). Even though concentrations of up to 12-13 wt. 
% Mg can be found in cast Al-Mg alloys, wrought alloys containing beyond 5.5 wt. % Mg are rarely used in the strain-
hardened condition due to their high susceptibility for intergranular cracking and SCC. This is attributed to the 
precipitation of the highly anodic phase, usually given as Al3Mg2 or Al8Mg5. Below 3 wt. % of Mg, there is hardly 
any of the phase; but it starts to precipitate along the grain boundaries in alloys with Mg content above 3.5 wt. %, 
making them unsuitable for operating temperatures above 65 °C, Hatch (1984). The properties of aluminum alloys 
depend on the metallurgical structure, which in turn depends on composition, solidification processes, and post 
solidification thermal and deformation processing, Habashi (1998). 
Al–Mg alloys are often alloyed with ancillary additions of Ti, Zr, and Be. Zirconium and titanium are used as grain 
refiners of (Al), while beryllium prevents oxidation during casting and high-temperature heat treatment. These 
elements practically do not exert influence upon the phase composition of alloys, Zolotorevsky et al. (2007). Previous 
study reported refined structure of Al–10Mg alloy by adding zirconium, titanium and boron, Emamy et al. (2004), Al-
8%Mg by zirconium, Hamana et al. (1990), and Al-20%Mg by Al–5Ti–1B master alloy, Fakhraei et al. (2013), 
however, little work has been done on improving the ductility of Al–8%Mg alloys by Al–5Ti–1B master alloy. The 
present investigation aims to refine and modify the structure of Al–8%Mg alloy by the adding different amounts of 
Al–5Ti-1B grain refiner and investigating its effect on mechanical properties of the alloy. 
 
Nomenclature 
UTS Ultimate Tensile Strength 
AGS Average Grain Size 
T6  Artificial Aging Heat Treatment  
2. Experimental procedure 
The present investigation was carried out on Al–8%Mg alloy composition shown in Table 1. In order to prepare 
primary Al-8%Mg ingots, pure commercial Al (99.8%) was ﬁrst heated up to 760 ϨC and melted via an electrical 
resistance furnace in a SiC crucible (1 Kg capacity). Then, pure Mg (99.9% purity) were added to the molten Al to 
make Al–8%Mg alloy. To compensate Mg lost, 10 wt. % extra magnesium was added to the melt. After stirring and 
cleaning off the dross, molten alloy was poured into a cast iron mould preheated up to 220 ϨC. This mould was made 
according to the ASTM B108/B108M-12E1 standard (Fig. 2). Macro and microstructural studies were made on the 
polished sample surfaces which were selected from the gauge length portion of the test bars (with 6 mm diameter). 
Metallographic specimens were also prepared by polishing and etching with Poultan’s reagent (12 ml HCl, 6 ml HNO3, 
and 1 ml HF, 1 ml H2O). The existing phases in the structures of Al–8%Mg were determined through X-ray diffraction 
(XRD) analysis. The Vickers hardness test method with diamond indenter, in the form of a right pyramid with a square 
base and an angle of 136 degrees between opposite faces subjected to a load of 0.1 kg was applied for hardness 
measurement. The full load is normally applied for 10 seconds. The two diagonals of the indentation left in the surface 
of the material after removal of the load are measured using a microscopy and their average calculated. The area of 
the sloping surface of the indentation is calculated. For each grain refined casting, three hardness readings were 
measured and the averaged values are plotted. Solution treatment was applied at temperature of 440 ºC and 9 hours 
followed by rapid quenching in cold water. These quenched samples were then subjected to a precipitation hardening 
treatment (age hardening) by heating them up to 175 ºC, holding them at this temperature for 5 h and then followed 
by air cooling to room temperature. 
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                                                      Table 1. Chemical composition of Al-8%Mg Casting alloys. 
A518 Al Mg Cu Si Mn Fe Ni 
max Bal. 7.9 0.05 0.10 0.12 0.15 0.10 
 
 
Fig. 1. Al-Mg binary phase diagrams. Fig. 2. (a) Cast iron mould; (b) tensile samples dimensions. 
  
3. Results and discussion 
3.1. Effect of Al–5Ti–1B on microstructural evolution 
Figure 3 shows the macrostructures of Al–8%Mg alloy before and after grain refining by Al–5Ti–1B master alloy. 
This figure illustrates a fully equiaxed grain structure of refined alloy in comparison with unrefined alloy. It is clear 
that the grains obtained from Al–8%Mg alloy specimens with 0.05 wt. % of Ti are much finer than other refined 
alloys. The effect of various amounts of Al–5Ti–1B master alloy on the average grain size of the cast specimens are 
shown in Fig. 4a. According to Fig. 3 and Fig. 4, the optimum amount of Ti was found to be 0.05 wt.%. Fig. 4b shows 
X-ray diffraction (XRD) pattern of the Al-8%Mg alloy after adding 1 wt. % Al–5Ti–1B master alloy. Fig. 4 revealed 
three main phases are existing in Al–8%Mg alloy in as-cast condition. According to Al–Mg binary phase diagram 
(Fig. 1) and XRD pattern the microstructure of Al–8%Mg alloy contains primary α-Al phase and eutectic structure 
which contain Al3Mg2 intermetallic phase and a-solid solution. After adding Al-5Ti-1B some weak peaks appear that 
illustrate the presence of TiAl3 and TiB2. 
Typical microstructures of the as-cast Al–8%Mg alloy before and after T6 heat treatment are shown in Fig. 4. The 
observed microstructure of Ti free specimen consists of coarse and interconnected dendrite morphologies of primary 
α-phase in the eutectic matrix of the alloy, as shown in Fig. 5a. With the addition of Al–5Ti–1B to Al–8%Mg alloy, 
the fragmentation of dendritic structure occurs and encourages a homogenous distribution of primary α-phase in the 
eutectic matrix of the alloy (Fig. 5b). From Fig. 5c, it is clear that the morphology of the primary a-phase alters from 
dendritic to star-like by adding Al–5Ti–1B (0.05wt. %Ti) to the alloy. After T6 heat treatment, new grains with 
equiaxed morphology are formed (Fig. 5d) and by adding Al-5Ti-1B, the size of these new grains is reduced 
inconsiderably (Fig. 5e and 5f). 
Several mechanisms have been proposed for grain refining of aluminum alloy; such as Theory of carbide-boride, 
Cibula (1972), and many other theories by other researchers, Schumacher et al. (1998), Davies et al. (1970), Jones 
and Pearson (1976), Guzowski et al. (1987), McCartney (1989), Johnsson et al. (1993). The mechanism of grain 
refining of Al–Ti–B master alloys are still a subject of controversy and no clear consensus has emerged as yet. The 
literature and the author’s experience have shown that the microstructure of the master alloy, particularly the 
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morphology, size and distribution of TiAl3 particles, has a strong bearing on the grain refining characteristics of the 
master alloy, Murty et al. (2002). As previously noted, Al–Ti–B master alloys produces TiAl3 and TiB2 intermetallic 
particle in melt alloy and demonstrated that both are found at the center of grains. 
 
Fig. 3. Macrostructures of Al–8%Mg alloy with different amount of Al–5Ti–1B master alloy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) The variation of average grain-size of the Al–8%Mg alloy with different amount of Ti; (b) XRD pattern of Al–8%Mg–1Ti alloy, 
showing Al3Ti peaks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Metallographic images of: (a) unmodified Al–8%Mg alloy; (b) 1.0 wt. % Ti; and (c) 0.05 wt.% Ti before  T6; (d) unmodified Al–8%Mg 
alloy; (e) 1.0 wt. % Ti; and (f) 0.05 wt.% Ti after  T6 heat treatment. 
a b 
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3.2. Mechanical Properties 
Figure 6 represents the variation of ultimate tensile strength and elongation values for different specimens before 
and after T6 heat treatment. From Fig. 6, it can be found that Al-5Ti-1B master alloy improves UTS values of the 
alloy from 245 MPa to maximum 359 MPa. Based on the results obtained from macro and microstructural 
observations, addition of Al-5Ti-1B master alloy to the Al–8%Mg alloy leads to a structure with reduced grain size, 
finer Al3Mg2 intermetallic particle and also alters primary α-phase from dendritic to non-dendritic morphology. It is 
evident from Fig. 6a and 6b that T6 heat treatment after refinement process has a significant influence on tensile 
properties of the alloy, actually lead to raising both the UTS and elongation values. It seems that increasing tensile 
properties with the addition of Al-5Ti-1B master alloy may be as a result of refinement of both grains and Al3Mg2 
intermetallic compounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .6. (a) UTS; (b) Elongation propertise of Al-8%Mg bafore and after T6. 
3.3. Fractography 
Figure 7a shows the fracture surface of the Al–8%Mg alloys in unmodified condition that revealed a lot of fine 
dimple that it can be seen in the corners of it. Fig. 7b shows fracture surfaces of the Al–8%Mg alloy after grain refining 
by 0.05 wt.% Al–5Ti–1B which shows ductile mode of fracture and revealed extensive amount of fine dimples. Grain 
refining process by Al-5Ti-1B master alloy cause improving the morphology of α-Al phase in Al–8%Mg alloy. Grain 
refining of the alloy and improving the morphology of α-Al phase alter the fracture mode from inter-dendritic mode 
to ductile due to the reduction in both stress concentration sites and crack growth paths. It is important to know that 
porosity may deviate tensile properties in long freezing range alloys. Therefore, lower tensile properties of Al–8%Mg 
in comparison with other alloy that modify with  Al-5Ti-1B master alloy can be due to the presence of porosity in 
microstructure of alloy. 
 
 
 
 
 
 
 
 
 
 
Fig .7. SEM micrographs of fractured surface of: (a) Al–8%Mg; (b) Al–8%Mg refined alloy with 0.05 % Ti. 
a b
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4. Conclusions 
 The effect of Al-5Ti-1B master alloy on the macro, microstructure evolution and mechanical behavior of Al-
8%Mg alloy was studied and the following conclusions can be drawn:  
x Al-5Ti-1B master alloy changes dendritic morphology of matrix to rosette-like morphology. Addition of 0.05 wt. 
% Al-5Ti-1B master alloy reduces the average grain size of Al-8%Mg from 575 μm to 210 μm.  
x Grain refinement enhances the number of grain boundaries; therefore, it promotes a more homogeneous 
distribution of intermetallic precipitates.  
x After grain refining process, tensile properties improve significantly and T6 heat treatment promote ultimate 
tensile strength too. 
References 
 
Cibula, A., 1972.Discussion of the mechanisms of grain refinement in dilute aluminum alloys. Metal. Mater. Trans. B 3, 751-753. 
Davies. I. G, Dennis. J. M, Hellawell. A, "Nucleation of Aluminum Grains in Alloys of Aluminium with Titanum and Boron", 1 (1970), 275-280. 
Emamy, M., Daman, A. R., Taghiabadi., R., Mahmudi., M., 2004. Effects of Zr, Ti and B on structure and tensile properties of Al–10Mg alloy 
(A520). International Journal of Cast Metals Research 17, 1, 17-22. 
Fakhraei, O., Emamy, M., Farhangi, H., 2013. The effect of Al–5Ti–1B grain refiner on the structure and tensile properties of Al–20%Mg alloy. 
Materials Science & Engineering A560, 148–153. 
Guzowski, M. M., Sigworth, G. K., Sentner, D. A., 1987. The Role of Boron in the Grain Refinement of Aluminum with Titanium. Met. Trans. 
18A, 603-619. 
Habashi, F., 1998. Alloys (Preparation, Properties, Applications). WILEY-VCH Verlag, Germany, 165-211. 
Hamana, D., Nebti, S., Hamamda, S., 1990. Effect of the Zirconium Addition on the Microstructure of Al-8% Mg Alloy. Scripta Metall. 24, 
2059–2064. 
Hatch, J. E., 1984. Aluminum: Properties and Physical Metallurgy. American Society for Metals (ASM), Ohio. 
Johnsson, M., Bâckerud, L., Sigworth, G. K., 1993. Study of the mechanism of grain refinement of aluminium after additions of Ti- and B-
containing master alloys. Metallurgical Transactions A 24A, 481-491. 
Jones, G. P., Pearson, J., 1976. Factors Affecting Grain Refinement of Aluminium using Ti and B Additives. Metall. Trans. 7B, 223-234. 
McCartney, D. G., 1989. Grain refining of aluminium and its alloys using inoculants. Int. Mater. Rev. 34, 247–260. 
Mondolfo, L. F., 1976. Aluminum Alloys: Structure and Properties. Butterworth, London. 
Murty, B. S., Kori S. A, Venkateshwralu. K: J. Mater. Process. Technol., (1999), 152–158. 
Murty, B. S., Kori, S. A., Chakraborty, M., 2002.Grain refinement of aluminum and its alloys by heterogeneous nucleation and alloying. Int. 
Mater. 47, 3-29. 
Schumacher, P., Greer, A. L., Worth, J., Evans, P. V., Kearns, M. A., Fisher, P., Green, A. H., 1998. New study of nucleation mechanisms in Al- 
alloy; implication for grain-refinment practice. Master. Sci. Technol. 14, 394-404. 
Zolotorevsky, V. S., Belov, N. A., Glazoff, M.V., Casting Aluminum Alloys, vol. I, UK, 2007. 
